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PREFACE

In 1963, in response to a request from the Ministry of Petroleum
and Mineral Resources, the Saudi Arabian Govermment and the U. S.
Geological Survey, U. S. Department of the Interior, with the approval
of the U. S, Department of State, undertook a joint and cooperative
effort to map and evaluate the mineral potential of central and western
Saudi Arabia. The results of this program are being released in USGS
open files in the United States and are also available in the Library
of the Ministry of Petroleum and Mineral Resources. Also on open file
in that office is a large amount of material, in the form of unpublished
manuscripts, maps, field notes, drill logs, annotated aerial photo-
graphs, etc., that has resulted from other previous geologic work by
Saudi Arabian government agencies. The Government of Saudi Arabia
makes this information available to interested persons, and has set
up a liberal mining code which is included in "Mineral Resources of
Saudi Arabia, a Guide for Investment and Development,' published in
1965 as Bulletin 1 of the Ministry of Petroleum and Mineral Resources,

Directorate General of Mineral Resources, Jiddah, Saudi Arabia.
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U. S, GEOLOGICAL SURVEY
SAUDI ARABIAN MINERAL EXPLORATION PROJECT
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REPORT ON EXPLORATION CF THE
WADI YIBA COPPER PROSPECT, TIHAMAT ASH SHAM QUADRANGLE,
KINGDOM OF SAUDI ARABIA

by
Robert L. Earhart

ABSTRACT

The first phase of an exploration program at the Wadi Yiba copper
prospect consisted of geologic mapping, prospecting, sampling, geophysical surveys,
and diamond drilling., Copper mineralization is in a sedimentary rock sequence
comprised mostly of siliceous, calcareous, and dolomitic rocks metamorphosed to
the greenschist facies. The metasedimentary rocks are overlain and underlain by
metavolcanic rocks. They are folded into a tight north-plunging syncline tramsscted
by two fault systems,

Results from the exploration program indicate that a fault zcne which
sub-parallels the synclinal axis and cuts siliceous dolomite contains copper
mineralization and small amounts of gold and silver. Copper and silver bearing
pyroclastic rocks were found in the upper part of the metasedimentary rock sequence,
Concentrations of copper mineralization seem to be restricted to particular rock
units in the metasedimentary rock sequence, Primary sulfides have not been
encountered in the drill holes to date and the results from one drill hole indicate
secondary copper sulfide minerals to a vertical depth of 60 meters. Further
exploration seems to be warranted and a program is proposed which includes the
investigation of other mineral occurrences and geophysical anomalies in the region,



INTRODUCTION

Purpose and scope of the report

Detailed studies of the Wadi Yiba copper prospect involving geologic mapping,
prospecting, sampling, helicopter borne geophysical surveys, and diamond drilling
were conducted from November 1967 to April 1968. This report presents the results
from these investigations and makes recommendations for further detailed exploration.

The prospect contains a large number of individual copper localities, many
of them minor, over a broad area, The present investigations were not designed
to closely delimit any particular mineralized zone nor to establish ore probability.

There is a need to gather more preliminary data before these problems can be

The objectives of the investigators during the first phase of the exploration
program have been to (1) locate all mineral localities which crop out in the prospect
area, (2) study the relationships of the mineral occurrences to each other, (3)
discover how the mineral occurrences fit into the overall geologic framework, and
(4) to obtain some idea of the type and grade of economic minerals present.

Location and accessibility

The area under detailed investigation covers about 15 square kilometers in
the vicinity of lat. 13°10' N. and long. 41°u43' E, (fig. 1). Wadi Yiba is a major
drainage in the region and is located about § kilometers west of the prospect area.
It empties into the Red Sea 15 kilometers south of the port of Al Qunfidhah
approximately 70 kilometers to the west of the report area. A transportation
route between the report area and the Red Sea port could parallel the course of

Wadi Yiba. The area is connected to Jiddah to the north and Jizan to the south



by unpaved roads. Landing strips suitable for bush-type aircraft are iocated at
the copper prospect and 17 kilometers to the south, |
Geography and geomorphology

The report area is in an interior drainage basin in the coastal regd.oo of .
southwestern Saudi 'Araoia. North—trending mountains with maximum elevations of
about 1000 meters lie 12 kilometers west of the report area and the Red Sea
‘escarpment is 25 kilometers fo the east. The elevation at the top of the eécé.i*pment |
is apprcximafely 2000 meters. Elevations within the prospect area range from about
250 to 350 meters, The area receives drainage from both the east aﬁd’ the west and
as a result the water table is shallow and the larger wadis maintain perennial flow.
The major wadis flow to the south and southwest and eventually empty into the Red
Sea. The area is subject to flash floods in the winter and spring months as a
_result of heavy rainfalls at _ higher elevations. |

The grazing of sheep and goats is the principal industry of the region and
small areas by some ‘of the wadis support minor agriculture. |

Previous investigations

The geology of the Wadi Yiba area is shown on the Tihamat. ash Sham quadrangle
map (Brown and Jackson, 1958), Copper mineraiization in the region was first noted
by Jackson((perscnal' cotmmnic.ation) during a field trip in 1953, Mineral reconnais-
sance of the area was conducted in Harch 1967 (Earhart, 1969). Geophysical surveys
using ground electromagnetic methods were :I.nclndcd in the reconnaissance investi-

gations (Davis and Akhrass, 1967).
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PRESENT INVESTIGATIONS

Geologic mapping

The general geologic map (fig. 1) is taken from the original reconnaissance
map-(Earhart, 1969a,b) and modified as more information became available ‘from de-
tailed mépping. Large scale geologic maps have been made of selected parts of the
area by plane table and alidade, and pace and compass methods.

The map of Area 1 (fig. 2) defines the surface expression of copper mineraliza-
tion associated with siliceous dolomite and quartz—chlbrite schist in that area. A
second objective in mapping this area was to further the knowiedge of the sedimentary

rock sequence,
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Outcrop maps of Areas 2 and 3 (figs. 3 and 4), made by pace and compass methods,
define the surface expression of copper bearing zones, record the location of rock
samples, and provide the surface data necessary for planning diamond drill hole
locations and orientations.

Prospecting

The rocks of the area were prospected for indications of sulfide mineralization
during reconnaissance traverses at the beginning of the program. This led to the
discovery of copper mineralization in pyroclastic rocks in the upper part of the
metasedimentary rock sequence. Prospecting was extended for 85 kilometers beyond
the limits of the report area and included the known strike extent of the metasedi-
mentary rock sequence, This resulted in locating other areas of copper mineralization.

Sampling

A total of 101 grab samples were collected from outcrops during mapping and
prospecting. A total of 182 samples from diamond drill core were collected.

In the outcrop map areas grab samples from obviously mineralized zones were
collected along intervals of approximately 20 meters where the frequency of outcrops
permitted. Random grab samples were collected from outcrops which did not contain
obvious copper mineralization, and an attempt was made to sample all of the rock
types present.

All of the core was taken for samples from the minor amount of small diameter
core recovered with a hand portable drill in some holes, The core from the other
drill holes was split and one half was used for the sample and the other half was
retained for future reference.

All of the samples were analyzed for copper, gold, and silver, Most of the

samples were analyzed for zinc and a few were tested for lead. The samples were
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assayed in the laboratories of the Ministry of Petroleum and Mineral Resources by
atomic absorption, spectrographic, ana colorametric methods, Elements from selected
samples were analyzed by more than one method.

Geophysics

Results from electromagnetic (EM) surveys conducted by W. E. Davis during

reconnaissance investigations at Wadi Yiba indicated that the rocks may be responsive
tc this geophysical method. A more extensive EM survey was therefore planned and
included in the exploration program. In addition to the EM survey, a magnetometer
(MAG) survey was also planned as a further aid to prospecting and to help resolve
geological problems, A helicopter bornme combined EM-MAG survey was conducted over
the Wadi Yiba copper prospect area and along the strike of the metasedimentary rock
sequence contiguous to the copper area., Approximately 2500 kilometers of line were
surveyed.

Diamond drilling

The objective of the first stage of the diamond drill program was to test widely
spaced mineral occurrences at shallow depth. Five holes totaling Sul meters were
drilled with a Joy model 12B drill, and a rock core 30 mm in diameter was recovered.
Core recovery for these five holes averaged 77.4 percent. Two holes totaling 38 meters
were drilled with a small hand portable drill and approximately one third of the core
was recovered., The use of this small drill was discontinued because of mechanical
problems with the drill and poor core recovery. Water used for drilling purposes was

taken from the wadis at a maximum distance of about 1 kilometer from the drill sites.



Drill hole locations were widely spaced over approximately 2,5 kilometers. The
locations are shown on Figures 2, 3 and 4. All holes were drilled at -45° in the
opposite direction to the dip of the rocks and approximately normal to strike.
Inclinations were tested at depth by the acid tube method and the maximum variation
from the intended angle measured 8 degrees.

GEOLOGIC SETTING

The rocks of the Wadi Yiba copper prospect area consist of highly folded
metasedimentary rocks overlain and underlain by predominantly metavolcanic rocks,
The rocks are transected by two systems of faults. The youngest faults strike
northerly and sub-parallel to the foliation and bedding in the metasedimentary
rocks, These displace an older, westerly trending set of cross-cutting faults.

The metamorphic rocks are intruded by a porphyritic and pegmatitic basic
alkaline rock, peralkaline granite, numerous quartz veins and stocks, and minor
rhyolite and pink feldspar dikes. These rocks comprise part of the Arabian segment
of the African Precambrian shield.

Volcanic rocks which underlie the metasedimentary rock sequence are metamorphosed
to the greenschist-amphibolite facies, Metamorphism has not advanced past the
chlorite~sericite-epidote~actinolite sub-facies in the sedimentary and overlying
volcanic rocks. Peralkaline granite does not appear to be metamorphosed and is
believed to be the youngest major rock type in the area.

The metasedimentary rocks and overlying volcanic rocks are separated from
older volcanic rocks by a major north trending fault in the eastern part of the map
area (fig, 1), West of the fault, the rocks which predate the peralkaline granite

are folded into a north plunging syncline which is the major structural feature of
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the area. The syncline is offset by westerly trending faults which are believed to
represent the oldest faults present. Later folds superimposed on those related
to the synclinal structure reflect movement on both the west and north trending
fault systems. In general, the rocks are highly sheared and contain numerous
secondary fold structures.

STRATIGRAPHY

Older metavolcanic rocks

Pillowed meta-andesite and pyroclastic rocks of equivalent composition, comprising
part of a thick volcanic pile, are believed to represent the oldest rocks present.,
They are exposed in the extreme eastern part of the area under investigation. The
metavolcanic rocks are separated from metasedimentary rocks to the west by a northerly

striking fault,

Mefaggdimgntary roqgg

The metasedimentary rock sequence consists mostly of siliceous, micaceous,
calcareous, and dolomitic rocks, and includes minor amounts of mafic tuff(?). The
latter is an important rock type in that it sometimes contains copper mineralization.
The stratigraphic thickness of the metasedimentary rock sequence is believed to be
approximately 700 meters; the thickness is difficult to determine accurately because
the rocks are deformed and repeated by folding and faulting,.

The lower part of theAmetasedimentary rock sequence is comprised of quartzite,
limey quartzite, siliceous and micaceous schist, and ferruginous sandstone. The
The quartzite and limey quartzite form a high ridge along the west limb of the

syncline, Siliceous and micaceous schists crop out on the east limb of the syncline,
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and thin-bedded ferruginous sandstone or poorly developed iron formation is exposed
a short distance to the south of the map area (fig. 1) on the east limb of the
syncline. The quartzite and siliceous, micaceous schist are overlain by siliceous
carbonate.

Siliceous carbonate comprises the middle part of the metasedimentary rock
sequence, This rock unit is referred to on maps and elsewhere in this report as
siliceous dolomite, Its composition ranges from siliceous limestone to siliceous
dolomite, and 'siliceous dolomite' is intended as a general term. Quartz-chlorite
schist is interbedded with.the siliceous dolomite and is erratically distributed.
The width of the schist beds is highly variable along short strike distances.

Siliceous dolomite forms resistant ridges 30 to 100 meters high on both limbs
of the syncline. It weathers to a tan or dark brown color and the more highly iron
and magnesium rich parts are conspicuous in that they weather to a darker, rusty
color, The stratigraphic thickness of the siliceous dolomite is believed to be less
than 100 meters, but it is repeated several times by folding and faulting, and where
it forms the nose of the syncline, it is drawn out and attenuated for nearly 5
kilometers to the south of the area in Figure 1. Interbedded quartz-chlorite schist
and schistose rocks which overlie the siliceous dolomite commonly contain carbonates
of calcium, iron, and magnesium as inclusions and it is probable that these inter-
bedded and overlying rocks were deposited at the same time that siliceocus carbonate
was being precipitated.

Siliceous dolomite is overlain by foliated rocks which form the upper part
of the metasedimentary rock sequence., Felsic schists are most common, although

narrow bands of mafic schists are included. Both types of schist are believed to
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contain detrital volcanic material, Bedded siliceous tuff, minor amounts of
rhyolite, and very minor and highly localized iron formation are also included in
the upper part of the metasedimentary rock sequence.

The foliated rocks contain highly variable amounts of sericite, chlorite,
epidote, and quartz; however, seritization, chloritization, epidotization, and
silicification do not appear to transgress lithologic contacts and the present
mineral assemblages are believed to reflect differences in the compositions of the
original bedded rocks. At many places the foliated rocks contain distorted rhombo-
hedral voids formed from the weathering of included carbonate minerals. Where the
original carbonate mineral contained iron, the voids retain a residue of limonite.
The rhombohedrons are sometimes distorted into shapes approximating cubes, and in
such cases, the limonite residue is easily mistaken as a weathering product from
pyrite. Actually, only a minor part of the iron oxide minerals in the schists is
believed to be derived from the weathering of iron or copper sulfides.

The foliated rocks are often crenulated and incongruous drag folds are common.
Boudinage structures were noted at several localities,

Narrow beds of mafic tuff(?) are interbedded in the sequence of foliated rocks.
They are commonly 1 to 2 meters thick, although they appear to be wider and occur
with greater frequency in the northern part of the area (fig, 4). Plagioclase,
epidote, chlorite, tremolite, and secondary copper minerals appear to be the principal
constituents of the mafic tuff(?) beds. Usually minor quartz is also included. The

texture ranges from extremely fine grained and granular to finely crystalline.

13



Younggr metavolcanic rocks

In the northern part of the map area (fig. 1), the trough of the syncline is
occupied by metavélcanic rocks which form a progressively wider outcrop pattern
toward the north in the axial portion of the syncline. The metavolcanic rocks
appear to be of dacitic to andesitic composition and include equivalent pyroclastic
rocks. These rocks are engulfed by peralkalic granite in the extreme northern part
of the prospect area.

Intrusive rocks

A basic-alkaline intrusive rock that forms an oblong outcrop in the northwest
part of the area (fig. 1) is exposed continuously for approximately 1500 meters.
This rock is porphyritic, and fine- to medium-grained amphibole and pyroxene are
contained in the ground mass; the phenocrysts are gray to pink potassium or soda
feldspar. A parallel alignment of the pinacoidal cleavage faces of the feldspar
gives the rock a lath-like pegmatitic texture. The basic-alkaline intrusive rock
is apparently the principal cause of the magnetic anomaly in the northwest part of
the area. The intruded rocks show increasing epidotization toward the intrusive
contact.

Pink feldspar dikes form a crude radial pattern around the basic-alkaline
intrusive and are believed to be related to it. They terminate abruptly a short
distance from the intrusive mass against rocks included in the upper part of the
metasedimentary rock sequence. Trace amounts of pyrite and malachite were noted
locally in the dike rocks.

Peralkalic granite forms continuous outcrops in the extreme northwest part of

prospect area. The contact formed by the granite and the intruded rocks is highly
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discordant. There are no obvious effects of contact metamorphism near the intrusive
contact and there are no indications of sulfide mineralization in the granite nor
in the rocks immediately adjacent to the granite.

Quartz veins and stocks are found throughout large parts of the area. Most of
the veins parallel or sub-parallel the schistosity or bedding of the enclosing rocks,
although, in some places, they are cross-cutting. The veins commonly consist of
milky white, massive quartz. Minor carbonate minerals are present where the veins
are included in carbonate metasedimentary rocks. Locally the veins contain minor
amounts of chlorite and sulfide minerals. A high concentration of quartz veins and
stocks are found along the axial portion of the syncline and for several kilometers
along the west limb of the syncline.

MINERALIZATION

Indications of sulfide mineralization were observed in siliceous dolomite and
in interbedded chlorite-quartz schist during the reconnaissance investigations in
March 1967. Malachite and chalcocite were found as disseminations and as fracture
fillings in or near the highly sheared parts of these rock units. Detailed studies
have resulted in loéating exposures of disseminated copper minerals in the pyroclastic
rocks stratigraphically above the siliceous dolomite., Small slag heaps which contain
blebs of metallic copper were located in Area 3 (fig. 4). Ore used for this ancient
mining operation is believed to have come from outcrops and surface rubble of the
mineralized pyroclastic rocks. Malachite and chalcocite seem to be the most abundant
economic minerals present. Gold and silver may be present in economically significant

amounts in the siliceous dolomite and interbedded schist, and significant silver
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values have been obtained from core and surface samples of copper bearing pyroclésfic
rocks. Analytical results of surface samples collected during the reconnaissance
investigations in March 1967 indicated that some of the samples contained anomalous
amounts of zinc. The analytical data from drill core samples so far indicate that
zinc is not present in recoverable amounts.

Mineralization in siliceous dolomite

Copper mineralization in the siliceous dolomite and interbedded schist appears
to be concentrated mainly along strike shears., Although prominent north striking
shear zones are abundant throughout the area, those which contain copper mineralization
are, to a large degree, restricted to a relatively narrow stratigraphic range. The
distributional pattern of individual copper occurrences over several kilometers of
strike length in the siliceous dolomite suggests stratigraphic control and that the
original copper minerals may have been remobilized a short distance from where they
were initially deposited and concentrated in dilatant zones caused by shearing.,

Copper mineralization in the siliceous dolomite has been tested by only one
drill hole to date. Mineralization of possible economic importance was confined to
a major fault zone which sub-parallels the syncline axis; however, unfractured siliceous
dolomite and schist from the bottom 8.4 meters of the hole averaged 430 ppm copper.
This is believed to be 10 to 20 times the modal value of copper for siliceous dolomite
of the area (Allcott, personal communication). These results further suggest possible
stratigraphic control for copper mineralization.

Although stratigraphic control is suggestive, surface observations, drill hole

data, and geophysical information indicate that the highest concentrations of copper
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and associatéd metals in the siliceous dolomite are probably confined to shear
zones. The major fault in the center part of the map area (fig. 1), which sub-
_ paralles both the syﬁclinal axis and the strike of the siliceous dolomite, appears
to be the most protﬂsing target aréa for copper exploration in the siliceous dolomite.
The most extensive copper mineralization associated with the siliceous dolomite is
located within this fault zone or in near-by related fractures. During the recgnnais- '
sance investigations, Allcott detected a soil sample anomaly across this fault zone
(Earhart, 1969a), an_& the ground EM anomalies detected by Davis during reconnaissance
| investigations seem to be related to this fracture (Davis, 1967). The only EM
anomalies found over the siliceous' dolomite by the helicopter-borne survey 'am in
the vicinity of the fault zone. An anomalous trend 1080 meters long was detected
where the fault zone transects silic;eous dolomite at the syncline nosé . The anomalous‘
area contains numerous small copper occurrences largely confined to shear zonesj
however, mineralization in this area has not yet been tested by drilling.

Apalyticél resulfs from samples collected from inineralized_ parts,_éf the
siliceous dolomite ‘during reconnaissance investigations. ind,’mated that, in plac;es,
small but perhaps important amounts of gold‘ and silver are associated with copper
mineralization. The analysis of core samples from Drill Hole 1 are a further
indication that small amounts of gold and silver are presenf;'. ' |

Mineralization in pyroclastic rocks

Copper mineralization in the pyroclastic rocks stratigraphically above ‘the_
-siliceous dolomite was not recognized during the reconnaissance 1nvestigations_l. Minor

to modez?ate amounts of disseminated copper miﬁeralization were i_ater found in fairly
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narrow tuff(?) beds in the upper part of the metasédiméntaf; rock seéuence. These
beds are believed to form the nose of the north plunging s9ncliﬁ¢ in the central
part of the prospect area, and are therefore abseht in the southern part. The
tuffaceous beds are narrow and erratically distributed along the strike in the
central part of the area, but occur with increasing consistency toward the north,

Copper mineralization appears to be most abundant and most consistent in the
mafic tuff(?) beds which form a nearly continuous cupriferous outcrop with an average
width of about 1.5 meters for approximately 1 km between Areas 2 and 3 (figs. 3 and 4).
In the vicinity of Area 3, the mafic tuff(?) beds appear to be thicker and occur
with greater frequency. Mineralization consists of minor to moderate amounts of
malachite and chalcocite which may be argentiferous in part. Gold or other metals
of value have not been detected in the mafic tuff(?)., The chalcocite disseminations
are normally extremely fine so that it is very difficult to estimate megascopically
the copper content of this dark colored rock.

Copper mineralization has also been observed in the thin-bedded siliceous tuff
that occurs both above and below the mafic tuff(?) beds. Copper mineralization
in siliceous tuff appears to be both minor and erratic., A possible exception to this
is found in the eastern part of Area 3 (fig. 4). The siliceous tuff is poorly exposed
in this area, but it does form a few small outcrops along a strike length of
approximately 350 meters. Most of the samples collected from these outcrops were
found to contain anomalous amounts of copper. The principal copper mineral is
malachite, but very minor amounts of chalcocite were also observed. Disseminated
copper mineralization is concentrated in beds 1 to 2 centimeters thick separated by

beds of approximate equal thickness which contain little to no copper minerals.
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Bedding is not everywhere discernable, but where it is discem:lble it appears that
copper mineralization comprises a bedding feature in the z-ock and it is beliaved
that the original copper mineral may have been deposited coﬂfoupbi‘meously \dtﬁ the
other rock constituents.
Mineralization in vein type rocks

Indications of sulfide mineralization are locallj found in quartz and qtiéid:z—
carbonate veins. This type of occurrence is fairly comion in veins {ncluded ifi the
siliceous dolomite and in or near the mafic tuff(?) beds. Elsewhere, ;nixiémiiza’tion
~ of this type is rare, Copper beard.ng quartz-carbonate veins may contribute to ore
potential in or near the siliceous dolomite wherc it forms the nose of the syncline
in the south part of the map area (fig. 1). The veins are less than a meter wide
and strike parallel to sub-parallel to the enclosing rock. Hincraliiation consists
of limonite pseudomorphic after pyrite, malachite, and chalcocite. Rarely, a core
of chalcopyrite is included in the chalcocite. Analyf:lcal data (Earhart, 1969a)
indicate that the véics contain small but perhaps recoverable amounts of gold and
silver, Mineralization occurs in vugs and fractures, and rarely do ore minerals
.comprise approximately 25 percent of the vein. | |

Feldspar dikes in the vicinity of the cigar shaped intrusive in the north part
of the area contain minor amounts of sulfide minerals or their oxidized products.
Limonite and pyritc are most common, but malachite and chalcocite were also cbserved.
0f four selected samples collected from this rock type; one contained ore grade values
of copper, two contained weakly to mderately anomalous copper values. and one contained
only a normal backgro\md amount (Earhant. 1969a).
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Supergene enrichm.“ nt
Field studies indicate that ohly very small amounts of primary sulfide minerals

' were deposited in the metasedimentary rock sequence. Possible eooﬁdmic interest

in the copper occurrences is inspired only by the fact that the small amounts of

primary sulfide minerals have been exposed to along, continuous cycle of supergené

enrichment, Diamond drill holes have so far failed to encounter prirhary sulfides,

| and the results from one drill hole indicate secondary copper sulfides at a ve:l:"tical‘

~ depth of 60 meters. Enrichment is krown to extendlwell below the present water table.
A 900-meter escarpment lies about 25 kilometers east of the Wadi i’iba copper

prospect area. The prospect area .is located on the down side of the escarpment. The

escarpment is the most prominent topographic feature in western Saudi Arabia and.

reflects movement on the east .si.de of.thé .Red Sea grai:en. The present position of

thé éscarptngnt represents an erosional horizontal retreat of approximately 70

kilometers eastward. The prospect area has, therefore, undergone extensive erosion

in relatively receﬁt geological times. The presence of secondary sulfide minerals

well below the present water table indicates that the water table has fluctuated.

Progressive emsion; fluctﬁating. water tabie, and arid climate are physiogz;aphic

factors greatly enhancing the possibility of the formation of extensive supergene |

deposits in chemically inert rocks which contains primary sulfide minerals. .
The presence of supergene sulfide ‘minerals in the oxidation’ ione of the mineralized

rocks at Wadi Yiba indicate thét the rate of erosion in theiater siqge‘s_ of the supergene

cycle has greatly exceeded the rate of oxidation. Both siliceous c'arbﬁnaté and

inert, mineralized pyroclaétic beds éontahi seoondary.sulfide ;ninera_ls'; howevar,,

the ratio of chalcocite to malachite is generally much higher in thg cheﬁcany_

inert rocks. ‘
.\

!
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GEOPHYSICAL RESULTS

A regional helicopter-borne EM-MAG survey was conducted over the metasedimentary
rock sequence, Approximately one fourth of the survey included the Wadi Yiba copper
prospect area, The method employed utilizes an electromagnetic instrument with
vertical and co~axial coils which operate at a frequency of 1052 cycles per second.
The coils are separated by a boom structure approximately 7 meters long which is
towed about 25 meters above the ground by the helicopter. The instrument measures
the in-phase and out-of-phase components of the primary field in parts per million.,
The effective depth of penetration is reported to be about 45 meters. A nuclear
precession magnetometer is also mounted on the boom and records magnetic
measurements at 1 second intervals., Instrument data is recorded on a six-trace
galvanometer type recorder, Aerial photographs enlarged to 1:15,000 scale were
used for survey control. This scale corresponds to the horizontal scale on the
recording tape. To insure maximum control, easily identifiable points on the ground
were simultaneously marked on the photo and the recording tape so that adjustments
could be made for scale variations,

Other phases of the exploration program were in progress when the geophysical
work was initiated., As a result, the compilation of the geophysical survey data
was not available until after the end of the field work. Geophysical targets should
be carefully evaluated in future phases of the exploration. Some preliminary
investigation and observations relating to the geophysical results have been made
and are discussed in the following paragraphs. These discussions are based on field
observations, consultations with Mr, Don Hase, U. S. Geological Survey geophysicist,
and on information contained in a geophysical report submitted by Dr. George Sander

of Sander Geophysics Limited.
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Sander compiled and presented two series of'maps covering the survey area.
One series contains the EM data and shows the in-phase and out-of-phase curves as
well as the theoretical position of the anomalies., The other series of maps contains
the magnetometer data expressed as contours measured in gammas. The author has
superimposed the theoretical location of the EM anomalies, which show both in-phase
and out-of-phase responses, over the magnetic data and the general geology. . The
geophysical part of this compilation is taken directly from Sander's work. The
resulting map is presented as Figure 5 of this report.

EM anomalies are clustered in two distinct parts of the area: (1) in the
‘vicinity of the syncline nose as formed by siliceous dolomite in the southern part
of the area, and (2) southwest of the basic alkaline intrusive in the northwestern

part of the prospect area.

In the south area, seven EM anomalies show both in-phase and out~of-phase
responses. The anomalies on the east limb of the syncline near the noée.are nearly
superimposed on ground anomalies surveyed by Davis and Akhrass (1969). The anomalies

~occur in an area where copper mineralization is exposed:in outcrop. The more recent
EM data extends and defines the limits of the conductor locatéd by Davis. The results
from the Sander Survey indicate a continuous conductive zone of 1080 meters strike
length, The out-of-phase responses are on the order of 100 ppm above background; in-
phase responses are weak. The position of the anomalous trend corresponds well with
that of the fault which sub-parallels the syncline axis and cuts slileceous dolomite.
The anomalous trend is therefore believed to reflect 6onductive material in this fault

zone and related fractures. The fact that copper mineralization has been found in
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outcrop over the conductive zone gives rise to the hope that the conductive material
is sulfide mineralization. The EM data for this anomalous zone was not available
during the first phase of the diamond drill program, and it was deemed advisable to
wait for the geophysical results before a drill hole was located in this area: As a
result, this conductor has not yet been tested by diamond drilling. It is considered
a prime target when drilling is resumed in the spring of 1969.

A cluster of 28 EM anomalies which show responses in both the in-phase and out-
of-phase components cover an area of approximately 2 square kilometers in the north-
west part of the prospect area. Most of the anomalies are located to the southwest
of the basic-alkaline intrusive and south of the peralkalic graﬂite in rocks which
are believed to be part of the metasedimentary series. The rocks of this area are
poorly exposed and the area has not received detailed study. The anomalies indicate
weak to moderate conductivity., They form crude trends which strike almost normal to
the strike of the country rock and they appear to be closely related to cross-cutting
magnetic trends, The anomalous zones may represent cross-cutting dikes or fracture
zones which contain conductive material,

The basic-alkaline intrusive is strongly reflected by the magnetic data, which
indicates that the intrusive probably plunges to the southwest towards the cluster
of EM anomalies. Cross-cutting magnetic trends which are associated with the EM
anomalies appear to transect the intrusive. Magnetic conditions appear to be very
'quiet' in all other parts of the prospect area.

The geophysical survey beyond the limits of the Wadi Yiba prospect area resulted
in the location of numerous EM and magnetic anomalies. It is probable that
the following variable conditions are included in the causes for the EM anomalies:

(1) salines and aqueous material concentrated in fracture zones, (2) salines and
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other conductive material in the fluvial and other recent unconsolidated sediments,
(3) geological contacts betweén roéks of highly contrasting-conductive properties,
and (4) concentrations of sulfide minerals. In a few cases, magnetic anomalies are
closely related to EM anomalies. Chlorite-magnetite schist and other mafic to
ultramafiq rock types are'strongly reflectedkby the magnetics. Surface eéaluafion
of the most favorabiy anomalous zones should be included in future explorations.
SUMMARY OF RESULTS B

Detailed mapping, sampling, and diamond drilling has been confined to the '
three widely sepérate parts of the prospect area refbrigd to as Areas 1,2, and 3
(£fig. 1), | | | |

Area 1 (fig. 2) is in the central part of the prospect area, and covers approxi-

~mately 5 square kilometers. Secondary copper carbonates and sulfides were observed

in siliceous dolomite and interbedded quartz-chlorite échist during reconnaissance
investigations of March 1967. Mineralization is along shear planeé, in 'fracture
fillings, and as disseminations in the wall rocks of highly sheared siliceous dolo-
mite. EM surveys conducted by Davis and Akhrass (1969) during the reéonnaissance
iﬂvestigations indicated a weak, continuous conductor for 350 meters in the extreme
northern part of the map area. Plane table mapping b} Abu-Apnaja shows that the
copper mineralization is ne;;ly continuous in steeply dipping outcrops for about

190 meters along the conductive trend. Apparently, the mineralization is in or near
the fault zone which sub-parallels the syncline axis. Surface observatioﬁs and
geophysical results indicate copper mineralization associated with this_same,fault

zone immediately south of Area 1 in the &icinity of the nose of the sjncline.
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Geological and geophysicai stud.;tes indicate that copper _mineralization is not
continuous between these two zones. A drill hole was loéated in the north zonej since
the final compilation of the geophysical results from the Sander survey were not |
available during the field program, the south zone has not yet been tested by drilli.ng.'

Drill hole WY-1 (fig. 6) was located near the northern end of the conductive '
ione where coéper mine_ralization is exposed c;ver a width of 6 meters, A suite of
4 grab sanples-aémss the mineralized zoz;e contain fmm 0.0!&6.1:0 2.3 percent copper,
(f,‘arhart, 1969a). Some of these samples contain' anomalous amounts of zinc, 'gold, -
and silver, The drill'ho]:e.waé désigngd to transect this mineralized zone at’ shallow
depth.. Information pertaining to this drill hole is presented on Figure 6. A
3.4l meter'iﬁtersection beginning at 22.3 meters contains 6,81 percent copper. .023
ounces per ton gold, and .904 ounces per ton silver. The top of the intersection
is at a vertical depth of 16 meters. Copper mineralization is in a highly oxidized, .
leached, and cavernous fault zone. The whole rock density of the mineralized
material is low due to the porous, cavernous texture of the rock. The mineralized
zone is composedv of malachite and minor chalcocite which occur as vug and fracture

fillings in calcium carbonate and quartz. Limonite pseudomorphic after pyrite is
associated with the copper miner&lization. Apparently most of the leached material
was calcium carbonate and secondary copper minerals have béen deposited in voids
resulting from leaching, Traces of malachite were observed several meters below the_
fault zone in weakly fractured to unfractured siliceous .dolomite. Analytical results
" indicate that the.hoie' ended in material containing 430 ppm copper. The zone tested
by drill hole WY-1 should i:e t-vansected at greater depth, and the p'ossible' |
continuation of this zome to the south of drill hole WY-1 should be tested by drilling.
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Geologic mapping in Area 1 resulted in the discovery of copper mineralization
in a narrow mafic tuff(?) bed on the west limb of the syncline. Mafic tuff(?)
appears to be absent on the east limb due to faulting. Trace to minor amounts of
malachite and chalcocite were noted in coarse-grained, limonitic, siliceous tuff.
Mineralization in the pyroclastic rocks on the west limb of the syncline is narrow
and discontinuous and is not believed to be of economic interest. Minor secondary
copper minerals were noted in quartz veins and small fracture zones at various
localities in Area 1.

Area 2

Area 2 (fig. 3) is about 1 kilometer north of Area 1 in the central part of
the map area (fig. 1), It covers about 15,000 square meters and is situated near
the syncline axis. The rocks of the area consist of schistose, felsic, and mafic
bedded rocks. Minor to moderate amounts of malachite and chalcocite occur as very
fine disseminations and fracture fillings in the mafic bedded rocks., Thirty samples
were collected from outcrops of the various rock types present. The location of
these samples and the analytical data are given on the pace and compass outcrop map
(fig. 3). The rocks of the area form very tight, nearly isoclinal folds which
strike and plunge steeply to the northeast, while the axial planes dip steeply to
the northwest. The mafic tuff(?) bed or beds which contain copper mineralization
are 1 to 1.5 meters thick and are repeated several times by folding. They are
drawn out and attenuated for several meters along the noses of folds, The drill
cores from drill hole WY-2 (fig. 7) indicate that the folds are shallow structures
and as a result, the mafic tuff(?) beds are present to a maximum of 32 meters

vertical depth.
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Analytical results from outcrop and drill core samples of the other rock types
present show that they do not contain significant amounts of copper. One outcrop
sample from siliceous, sandy tuff in the western part of the area contained 0.23
ounces per ton gold, and weakly anomalous amounts of gold were detected in the upper
part of the drill core from WY-2,

The mafic tuff(?) bed present in Area 2 forms a continuous copper bearing
outcrop 1 to 2 meters wide between Areas 2 and 3. There are no surface indications
of copper mineralization in the schistose rocks immediately above and below the
mafic tuff(?) bed.

Area 3

Area 3 (fig., 4) is in the northern part of the map area (fig. 1), about 1
kilometer northwest of Area 2. The area covers about 270,000 square meters. Mafic
and siliceous tuff, quartz-sericite schist, quartz veins, basic-alkaline intrusive
rock, and felsic dikes crop out in the area. Volcanic rocks of intermediate to basic
composition may be included with mafic and siliceous pyroclastic rocks. Fine-grained
clastic sedimentary rocks, possibly of non-volcanic origin, were encountered in drill
hole WY-7; however, the equivalents to these rocks were not recognized in outcrops.
The rocks are poorly exposed over a large part of the area, and an abundance of white
vein type quartz in the pebble to boulder size range is included in the alluvium,

The rocks strike northwest to west and dip moderately to steeply to the northeast
and north.

Seventy two grab samples were collected from outcrops of the various rock types

present. Sample locations and analytical results from these samples are given on the
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pace and compass outcrop map (fig. 4). Significant copper values were detected in

a dark-gray, fine-grained mafic tuff(?), and in siliceous, sandy tuff, Minor amounts
of secondary copper minerals were found in quartz veins where they transect the
aforementioned rocks. In general, quartz veins are barren of mineralization, Soft
quartz-sericite schist and silty sedimentary rocks are believed to be the predominant
rock types in the area. Analytical results from outcrop and drill core samples

show that these rocks contain 30 ppm or less copper. Chalcocite is the most

abundant copper mineral in the mafic tuff(?) beds. It occurs as very fine dissemi-
n&hmaﬂas&mmmfnﬁ%& Malachite is commonly associated with chalcocite
in mineralized outcrops. In some cases, copper mineralization is most abundant
where the mafic tuff(?) is highly fractured., In other cases, there is apparently

no relationship between the intensity of copper mineralization and fracturing. Minor,
but perhaps recoverable, amounts of silver are associated with the copper, but other
metals of economic interest have not been detected in significant amounts,

The mafic tuff(?) beds in Area 3 were deposited along several stratigraphic
horizons; however, all of them do not contain significant amounts of copper. Two
copper zones are indicated by the logs and analytical results of core samples from
drill holes WY-3, 6, and 7 (figs, 8, 9, and 10). The average true width of the upper
copper zone as determined from the drill hole data is 3.2 meters. The width of the
lower zone averages 2,2 meters. The distance between the footwall of the upper zone
and the hanging wall of the lower zone is about 13 meters in drill holes WY-3 and
WY-6, and 7 meters in drill hole WY-7 where wider intersections of copper mineralization
were encountered, The collar of drill hole WY-6 is 375 meters west of the WY-3 collar;

however, the holes were not drilled parallel because of strike variation, and the
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strike distance between the hanging wall intersections of the upper copper zone in

the two holes is 270 meters.

Continuity of copper mineralization between the two

holes can be reasonably established on the basis of mineralized outcrops and surface

sample data.

The collar of drill hole WY-7 is 360 meters northeast of WY-3,

Outcrops

are lacking over much of the area between these two holes; therefore, continuity of

copper mineralization is less certain.

mineralization are given in Table 1.

The average grades and widths of copper

Table 1. - Average grade and width of copper and silver mineralization in

drill holes WY-3, 6, and 7.

UPPER MINERALIZED ZONE

Hole No, Intercept Length True width | Average grade Average grade
Copper Silver
WY-3 16,7 - 19.1 m, 2.4 m, 2.3 m, 2.24 % 2,33 oz/ton
WY=6 64.6 - 67,7 3.1 2.8 0.39 0.18
WY-7 3.8 - 9,6 5.8 4,6 0,92 0.19
TOTALS 3.2 1.08 0.69
LOWER MINERALIZED ZONE
Hole No, Intercept Length True width | Average grade Average grade
Copper Silver
WY=-3 31,1 - 31l.4 m. 0.3 m, 0.3 m,. 2.25 % 0.21 oz/tonj
WY=-6 81.7 - 84,6 2.9 2.6 1.58 0.58
WY-7 6.5 - 21,2 L4,7 3.8 _ 1.37 0.77 1
TOTALS 2.2 1.49 6.67
Note: Compiled from data presented on figures 8, 9 and 10,
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In presenting this data, the author does not necessarily imply that
mineralization is continuous between the three holes. The data have no volumetric
significance; they merely indicate the average widths and grades of mineraiizatioﬁ
that might be expected within the area represented by the three holes, The grades
of mineralization as shown in Table 1 can, of course, be increased by decreasing
the width of the zones.,

A few small outcrops of sandy, siliceous tuff contain copper mineralization in
the eastern part of the map area (fig. 4). This rock type is exposed intermittently
over a 350 meter strike length and most of the samples collected from outcrops over
the entire strike length contain anomalous amounts of copper. The width of the
cupriferous tuff is not known, but it probably does not exceed 3 or 4 meters.
Quartz-sericite schist above and below the tuff contains less than 20 ppm copper.
Malachite, the dominant copper mineral in these rocks, occurs as disseminations
between quartz grains in alternate thin beds. Chalcocite is a minor copper
mineral in the surface rocks. The rocks are porous and are therefore more easily

oxidized than the mafic tuff(?)
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Two drill holes, WY-4 and WY-5, were drilled with a small hand portable drill,

but with limited success., One of these holes was designed to test the cupriferous
siliceous tuff beds, but was stopped after penetrating 24.l1 meters because of

mechanical difficulties. Core recovery in this hole was very poor. The other
hole was drilled on the same section as WY-3, but was also unsuccessful in
recovering adequate core. Data pertaining to these drill holes are given on Table 2,

Outcrop samples collected along intervals of approximately 20 meters to the
north of drill hole WY-7 contain copper values which are consistently higher than
samples from any other part of Area 3. The sample line nearly parallels shearing
in the rocks, and the high values may reflect concentrations of copper in the
shear zones. The rocks in this area have not yet been tested by drilling and
are considered as a priority target when drilling is resumed,

Mafic tuff(?) is exposed in the extreme eastern part of the map area (fig. 4)
and to the northeast of the map area. It is known to contain copper mineralization

at these localities; however, the extent of the mineralization has not been studied,
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Future investigations should include these areas as well as the geophysically
anomalous area a short distance to the west and northwest of Area 3,
OTHER MINERAL OCCURRENCES IN THE REGION

Mineralized zones were discovered beyond the limits of the Wadi Yiba prospect
area during the program, Those of greatest interest are copper showings. Brief
examinations have been made of some of the mineralized areas.

A small eliptical gossan, 5 kilometers southwest of the south end of the Wadi
Yiba copper prospect, contains malachite in massive limonite. The approximate
coordinates of the gossan are lat. 19°07' N. and long. 41°48' E. The gossan is less
than 100 meters long and about 20 meters wide. Copper mineralization in the gossan
is believed to be derived from the weathering and leaching of copper bearing chlorite-
magnetite schist which overlays the gossan.

Copper mineralization was noted in quartz veins, black fine-grained rock, and
in siliceous carbonate in samples collected by Ghanem Geri from about 10 kilometers
south of the south end of the Wadi Yiba copper prospect. The coordinates of the
locale are lat, 19°04' N, and long. 41°u9' E, Four samples contain from 0,91 to 26,0
percent copper. The author has briefly visited the area and noted that most of the
copper mineralization appears to be in quartz veins. One sample collected from
pyritic, marbelized, siliceous carbonate contains 130 ppm copper.

Geri found pyritiferous marble at several localities over a broad area in the
metasedimentary rock sequence. The localities extend from lat, 18°47' N, to lat,
19°16' N, between long. 41°42' E, long. 41°58' E, TFive samples of this material

contain 70 to 200 ppm copper. Copper mineralization associated with quartz veins
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als§ occ;ur at several localities, | None of these occurrences appear to be o,fJ
pqssibie economic importance; however, they lcould' possibly be 'an indiéator of
important am;)unts of’copper mineralization in near by rocks. .For ‘this reason,
the distribution of these occurrences should be plotted on a'plan and compared with
regional geology, and geophysical data.

Malachite and chalcocite were observed. in chlorite schist at Murayba, a small
village near lat. 18°56' N, and long. 41°55' E, Part of the village is constructed
on copper bearing outcrops. The extent of the mineralization is not known.

Richly disseminated 1':0 massive sulfides which contain copper and zinc
mineralization are indicated by a géssan at Jabal Sarbon (Earhart ," 1;369b). The
south end of the gossan is near i.at. 18°52! N'. and long, 41°57' E, Grab and
__‘channel samples from this locale contain highly anomelous values. Mineralization -
. lis in an amphibolite host rock. The gossan may be 2 kilometers long elmd 4 meters
or more wide. Indications of disseminated sulfide minerals were observed in the
‘ wall rocks on either slde of the gossan. o

Iron formation is appmxlmately 30 meters wide over a fairly short strike
length at Jabal Hajari near lat, 18°58' N, and long. 41°'+7' FE. At some places,
the near-surface iron formation has been enriched by weathering processes, and the
enriched part has been used, until recent years, as .a source of iron ore for local
consumption. Unweathered iron formation is estimated to contain about 25 percent
Fe. The deposit is lnot of sufficient size or grade to be of economic interest.

In additionl to the mineral showings, numerous EM and magnetometer anomalie3
were recorded beyond the limits of the Wadi Yiba cog;per prospect area, Geological
evaluations of geophysically anoxl;alous areas should be included in the next phase

of the program,
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The strongest EM.anomalies found are '43 kilometers west of Wafii Yiba in an
area earlier referred to (Earhart, 1969b) as the "Pymclastic‘rocks 13 kilometers
west of Suq Al Khamis." The conduc¢tive zone is in an area of ailuvial cover near
a pyroclastic éile.' The conductors are aligned with the strike projection of the
pyrociastic rocks, The ‘geophysical data suggest a series of pérallel conductors
- over a strike length of nearly 4 kilometers. A magnetic éx:omaly is closely related
to the conductors., Investigation of the cause of the anomalies' will prpbably'
require diamond dr:liling. |

| CONCLUSIONS AND RECOMMBNDATIONS

The results from the exploration program at the Wadi Yiba copper prospect
indicate the presence of copper .mineralization in siliceous dolomite and in pyro-
clastic mécs above -the silicecus dolomite. Orie drill hole has tested the
mineralization in the siliceous dolomite; Ore grade copper mineralization with
recoverable amounts of gold and silver were encountered in this hole; however,
the mineralized section was highly weathered and the mineralized zome is not
believed to be .repr'esentative of the zones outlined by mapping, sampling, and.
geophysical data.  Additional drilling is proposed fc;rj this area.. |

. Analytical results from sﬁrface samples and drill éores indicate marginal
values for copper and siiver in the pyroc;.lastic rocks above thé sili?l:eous dolomite
-in the northern part of the area, The-fninemalized beds are marrow and their stri.kg_ '
extent has not been established., Drilling to dafe has not delimited_'the coﬁ:er
mineralization, axxd there is a suggestion that thQ; mineralized zomes "\.viden 'in the.
vicinity of di':lll hole WY-7, Additional drilling is proposed for this area in
ordgr to test the _éﬁtimnidtb of ﬁinemlization’ ;_:ln_ the vicihiﬁ of WY-7, to test .

K
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the mineralized zones enqountered in WY-7 at greafer depth, and to test the
strike extension of mineralization in the pyroclastj.c rocks to the northeast of
WY-;7. The siliceous bedded ‘tuff in the eastern part of Area 3 should also be '
teéted by drilling. The analysis of drill cores from this drilling would provide
tﬁe basis for a u;ore accurate estimation of the. gi*ade of mineralization in the
pyroclastic rocks. A total of seven drill holes and an estimated 1100 meters
of drilling are recommended. '

The entire prospect Aarea should be mapped on a scale of 1:1000, It would
be expeditious to do the mapping on large scale aerial photographs. - This would

. require low level photography of the area and this type of coverage is in the
planning sfage. Color photographs wduid be especially helpfui.

Mapping and sampli.tfg should be concentrated in the northwest part of the area .
during the first part of tﬁe continued progra;n. Geophysicél'results indicaté,
highly anomalous conditiéns in thi_s part'of the area, | |

Mineralized zo;xes in other parts of the belt of metasedimentary rocks should .

be studied in greater detail. " An exploration program in the Jabal Sarbon area has
- been proposed (Earhart, 1969b). Geological evaluatipn of other mineral shéwings and
of geophysical anomalies should be included with the work at Wadi Yil‘aa.._' 'fhé results
thus far iﬁdicate that sulfide enricbment may extend to a considerable dep‘fh. This |
p(mvi'des added incentive to the search for other mineral occurrences in the.‘region.

Logistical factors favor the continuation of copper expioration in the region,
which is favorably located in respect to the Red Sea, Water is plentiful & o |
'conpared.to other parts of Arabia, bec;ause the region is situated -féwrably ﬁith |

- . respect to the escarpment and receives drainage from the frequent ‘rainfalls in the
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higher country. The most important ore mineral in the region appears to be chalcocite
and therefore a high copper unit concentrate could be expected as the mill product
from the ores of the region. This is a factor which greatly affects the transpor-
tation costs,.

Considerations which may detract from the economic potential of the Wadi Yiba
copper prospect are (1) the results thus far indicate that the mineralized zones,
because of their configuration, would probably not be amenable to open pit mining
and (2) the copper mineralization found to date may be of insufficient grade to
allow profitable extraction by underground mining methods. The region is subject
to severely high summer temperatures; however, this is not considered to be a serious
determent to mining or milling operations.

In conclusion, the results from investigations to date at the Wadi Yiba copper
prospect and at other mineral occurrences in the region indicate that additional

work is warranted in order to further evaluate the mineral potential,

y1



»

REFERENCES CITED
Brown, G. F. and Jackson, R. 0., 1958, Geology of thé Tihamat ;sﬁ Sham‘Quad;angle?
Kingdom of Saudi Arabia: U. S. Qeol. Survey Misc. Geol. Inv. Map~I—216A. :
Davis, Willard E. énd Akhrass, Mohammed N., 1969, Preliminar}.1nveéfigatioﬂ of the
Wadi. Yiba Copper Prospgct, Saudi Arabias U: S. Geol. Survey open file rept.
(IR) SA-96, & p. , | ,
Earhart, Robert L., 1§69a, Geological reconnaissance Qf the Al Qunfidhah area,”
'Tihamat ash Sham quadrangle, Kingdom of Saudi.Afabiaé ﬁ. S. Geol. Survey open
file rept. (IR) SA-97,- 46 p. | '
Earhart, Robert L., 1969b, A preliminary investigation of copper occurrence at
""Jabal Sarbon, Tihamat ash Sham Quadrangle, Kingdom of SaudilArabias U. S. Geol.

Survey open file rept. '(IR) SA-102, 11 p.

42






